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THERMAL STABILITY OF PENTABORANE IN THE RANGE 329° to 419° F

By Glen E. McDonald

SUMMARY

The thermal sta.’ﬁility of pentghorane has been determined in the tem-
perature range 329° to 419° F by measuring the increase with time in the
formation of nonvolatile resldue.

A relationship was establlshed between the thermal stability and the
temperature. The expression permitied extrapolation to obtain the sta~
bility of pentaborane at either high temperstures and short times or &t
amblent tempersatures and long times.

INTRODUCTION

A study of the thermal stability of liquid pentgborane was unierteken
at the NACA Lewis lgboratory with the objective of supplying fuel-system
design data. This study was aimed at obtaining knowledge of the stebility
of pentaborane in spray nozzles where the compound is exposed to high
temperatures for short periods of time and in storage contalners and fuel
tanks where it is exposed to ambient temperstures for extended perlods
of time.

In this study, investigations were made of the amount of monvolatlle
decomposition products formed when liquid pentgborane was heated for
various times at temperatures from 329° to 419° F.

APPARATUS AND PROCEDURE

steel bomb 5/8 inch 0.D., 11/32 inch I.D., and 3 inches long. The volume
was approximately 1/4 cubic inch. The bomb was closed with & 1/8-inch
stainless-steel Hoke valve. The bomb wes heated in an aluminum block
furnace which fitted closely sbout the bomb. The furnace was electri-
cglly heated and sultebly insulated. A thermocouple well extended
through the block to the midpoint on the bomb.

Apparsatus. - The pentaborane weas hegted in a cylindrical stainless-~
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Procedure. - A 1/8 cubic inch of liquid pentaborane obtained from a X
storage cylinder weas admitted directly to the evacuated bomb. The bomb
was closed, welghed, and placed in the furnace for the desired time.
After removal from the furnace, the bomb was gquenched and the volatile
material was removed on a vacuum system until constant welght was ob-
tained. The bomb was reweighed to determine the nonvolatile residue.

RESULTS AND DISCUSSION

Curves of the percent of nonvolatile residue plotted ageinst time
are shown in figure 1 for the five temperatures 329° s 3510, 374°, 3920,
and 419° F. At 374° to 392° F the curves show a decrease in the rate of
formation of nonvolatile residue with increase in time. At 419° F the
curve shows that the amount of nonvolatile resldue reaches s maximum of
approximately 88 percent. The initial reaction may be slow in the ex-
periments at the higher temperstures becsuse of the time required for
the bomb and pentsborane to be heated from room tempersture to the re-

action tempersture.

Figure Z shows a plot of reciprocal of Rarkine temperature agasinst
the logerithm of taog-1, vwhere tony 18 the time in minutes required for
the formation of 20 percent of nonvolatile residue. One minute has been .
subtracted from the time required for the formation of 20 percent of a
nonvolatile residue in order to remove from the calculstion the gpprox-
imate time required to bring the sample up to reaction temperature.

Thege data may be represented by the equation:

4
1.2345x10
1og(t20%-1) = =—=S—— - 13.766

This plot may he extrapolated to estimate the amount of nonvolatile
residue which may be expected to form when penteborsne 1s exposed to
varlous temperatures. For example6 if liquid penteborane flowed through
fuel lines at a temperature of 485~ F, 20 perceunt would be converted to
a nonvolatile residue in 12 seconds. In & similar manner 1t may be
estimated thet if penteborane is stored at a temperature of 125° F,
1.6x10% days would be required to change 20 percent of the liquid penta-
borane to & nonvolatile resldue.

In these experiments lliguid pentaborane was used directly from the
storage cylinder in which it had been stored at room temperature for
approximately 1 year. The possible effect of any impurities on these
results should parallel the effect which any impurity would have on
pentaborene decomposition In either fuel lines or storage tanks. .

Lewls Flight Propulsion Laboratory .
National Advisory Committee for Aeronsutics
Cleveland, Ohilc, dJuly 14, 1954
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Flgure 1. - Decomposition of pentaborane.

9TOPSE W VoM

2




o

RACA RM E54Gl6

2.0

log (%208~ 1)

1.0

100
L
/ &0
/ |
/ —20
// 3
—{10
/ ’ ’
y.
A
/ —{4
/
0‘/

v

0 2
1.12 1.14 1.16 1,18 1.20 1.22 1.24 1.26 1.28x10°3

Reciprocal of Rankine temperature, 1/°R
1 1 l { i
425 400 375 350 325
Temperature, OF

Figure 2. - Reciprocal temperature plotted against logerithm of time required

for 20~percent nonvolatile residue.
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